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In the framework of the local Nambu-Jona-Lasinio model the radiative decay widths of the scalar 
mesons /o(980) and ao(980) into p7 and W7 are calculated. The contributions of the quark loops 
and the meson loops are taken into account. For the radiative decays of the scalar meson /o(980) 
the contribution of the meson loops plays the dominant role. On the other side for the radiative 
decays of the scalar meson ao(980) the main contribution is given by the quark loops. 

o 
o 

> ' I, INTRODUCTION 

o ' 

Recently two works were published devoted to the description of the vector meson 
decay (j) — > /o7 jH and to two photon decays of scalar mesons cr(600) — ► 77 
and /o(980) — > 77 [sj]. These decays were described in the framework of the local 
Q_r Nambu-Jona-Lasinio (NJL) model where both - the quark loop and the meson loop - 
Ph| were taken into account. The satisfactory agreement with the experimental data was 
^ ! obtained. 
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The comparison with the other models was performed. First of them is the model 
which considers the scalar mesons as a four-quark states j^]. In other model the scalar 
£C mesons are treated as a kaon molecule {4]. It was shown that using the NJL model 
in 1/N C approximation (where N c is the number of colors) we gain the qualitative 
agreement with the predictions of these phenomenological models for decays of /o- 
mesons. 

Here we would like to investigate the radiative decays of scalar mesons /o(980) and 
ao(980) into light vector mesons: /o(980) — ► p{co)"f, ao(980) — ► p(co)^f. 

Unfortunately now we do not have any experimental data for this decays. However 
satisfactory description of 77 channels and — ► fo (980)7 decay in the framework of 
NJL model allows us to hope that we could obtain a reasonable predictions for the 
decays mentioned above. 

In future we are going to use our results for descriptions of processes ee — > SV, 
where V = p, cu and S = /o, clq. 
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II. LAGRANGIAN OF THE NJL MODEL 



The lagrangian of interaction of mesons and quarks whithin the NJL model has the 
form [5l M : 



£>mt = q eQA + g u X u a u + g s X s a s + p u A 3 a + il59n + K-tt ) + 

9 P 



+ *75PJf {^k+K+ + \ K -K~) + ^ (A 3 /3 + A t 



v. 



9, 



where q = (u, J, s) , and u, d, s is the quark fields, Q = diag (2/3,-1/3,-1/3) is the 
quark electric charges matrix, e is the elementary electric charge (e 2 /47r = a = 1/137), 
X u = (\/2Ao + As) /\/3, A s = (— Aq + \/2Ag) /\/3, where Aj is the well-known Gell- 



Mann matrixes and Aq = y2/3 diag (1, 1, 1). That is 

(l 0\ 
1 


/ o\ 



Xu — 



\ 



A,= 



/ 



/ 



Xtt+ = 



Xr+ = 



a/200 


/ \ 

v^OO 



fo \ 

-\/2 

^0 y/2 0\ 



(0 y/2\ 





A,= 



(1 o\ 

0-10 




Att 



Xk — 



V 



/ 



V 



Vertex constants from the lagrangian (pj) are defined in a following way: 
9a u = (4/ A (m u ,m u )) 1 2 , g Us = (4/ A (m s , m s ^ L, ~ 



9-k = \fZ^g<7 U , 9k = VZk(4:I {m u: m 



-1/2 



where 



I A (mi,m 2 ) 



d 4 k 



6>(A 2 - k 2 ) 



(k 2 + m 2 )(k 2 + m 2 .) 



(2tt)< 

3 r 2, , 
(4^ [m2ln U + 1 

-mi In ( — ^ + 1 ] ]/(m% - m{] 



(3) 



These integrals are written in Euclidean space. The constituent quark masses m u = 
irid = 263 MsB, m s = 407 MsB and the cut-off parameter A = 1.27 TsB are taken 
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from the paper As a result we get the following values for the coupling constants: 
Q(j u = 2.42, g as = 3.0; where Z n and Z% are the factors which takes into account the 
transitions of pseudoscalar mesons into axial- vector ones: Z n = (1 — |jr-) _1 , Z% = 



1 - 3{m 2 M-r s) ) -1 H, where M ai = 1260 MaB, M Kl = 1403 MsB are the masses of 

axial- vector mesons In our calculation we assume that Z^ « Z K = Z = 1.4. As 
a result we get ~ 2.9, « 3.3. ^ = \[§g Gu = 5.94 is the constant of p —> 2tt 
decay (5]. o u and o s are the isoscalar scalar mesons in the case of ideal mixing, which 
suppose that o u consists of light quarks u and d only and o s consists of strange quarks 
s. Scalar mesons fo and a are the mixtures of these two pure quark states with the 
mixing angle a = Oq — 6, where #0 = 35.3° is the angle of the ideal singlet-octet mixing 
and 6 = 24° is the angle of real mixing which takes into account t'Hooft interaction 



fo = &u sin a + a s cos a, (4) 
a = o u cos a — a s sin a. (5) 

Isovector meson ao consists of light quarks u and d only. 

III. THE DECAYS a -> luj, a -> 07, / -> ^7, / -> p-y 

In this paper we consider the decays of fo and ao mesons: 

a (p) -> w(g) +7(/ci), 

aob) p(g) + 7(^1), 

/o(p) -> a;(g) +7(/ci), 

/o(p) p(q) +7(^1), 

p 2 = M|, g 2 = M 2 , /c 2 = 0, (6) 

where Ms = M/ 0)ao = 980 MsB is the mass of decaying scalar meson j3| and My = 
M Wj(0 is the mass of vector meson j^j. The matrix element in general case has the form: 

Mi = e -£Ai (q v ki^ - (qh)) effi, (7) 

e 7 = e (fci) , e v = e(q), (8) 

where i = {ao — ► CJ7, ao — > /07, /o — * io — * P7}, and the quantity contains all 
coupling constants and the dynamical information of the process. Then the radiative 
decay width takes the form: 

aiMl-M^f 9| „ l2 
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In order to calculate the contributions of quark and meson loops to the coefficients 
Ai it is necessary to have information about the quark-meson and the meson-meson 
vertexes. The quark-meson vertexes are given in the Lagrangian (Dp). The meson-meson 
vertexes are calculated in a standard way of the local NJL model and expressed in 
terms of logarithmically divergent integrals which appears from the quark loops (B). 
As a result the expression for this vertexes takes the form [l], 0]: 

9a s K+K- = 2v2g aa (2m s - m u ) Z, 
9a u K+K- = 9a K+K- = 2 (2m u - m s ) g au Z, 
g* u n+n- = 4m u g au Z, 

g^K+K- — g P ^K+K — \p+ — P-) , 

sw+TT- = g P (p+ -p-Y 1 ■ 



A. The decays ao — > UJ'J and ao — > P7 



Let us consider the decay of isoscalar scalar meson ao into wf. In this process the 
quark loop and the kaon loop give contribution. The contribution of pion loop is absent 
because the vertex ao 27r is forbidden. 

The quark loop contributions contain only u and d quarks. Then we obtain: 



ao ^ 2 a ^ J (( q + kf - ml) (k 2 - ml) ((k - h) 2 - m^ 



ao) 

where C^J) = 3g au , where 3 takes into account the color factor N c and the 
sum of quark charge absolute values. We drop the imaginary part of quark loop 
which corresponds to condition of "naive "quark confinement. The confirmation of 
this prescription can be found in the paper (^|. Using standard Feynman method of 
denominator unification and following loop momentum integration we get: 

M&ly = e f Cti 7 Re (I u ) {q v h, ~ g»» (qh)) e*e£, (11) 



where 

1 l- 

I u = 4m u Jdx J dy— ' ?/i ZX^i , ffi ) 

o o 



1 + y(3x — x) — y x(l — x) 
ml — y(l — y)(l — x)k 2 — y(l — y)xq 2 — x(l — x)y 2 p 2 + ie 

Now let us consider the contribution which comes from the kaon loop. Note that here 
we have two meson diagrams. One is the triangle loop diagram where vector meson 
and photon are in different points of meson loop: 

M (K) = p gp r (K) f d*k (q + 2k),(2k-k 1 )^ 

a °^ 7 2 a ^J iTT 2 ((g + kf - M 2 K ) (k 2 - Ml) ((k - h) 2 - M 2 K ) A } 



where C'fi^ = 9a Q K+K~ ■ The second one is the diagram with two vertexes where the 
vector meson and photon are in the same vertex. This diagram contains only Lorenz- 
structure g pv . As a result we obtain the gauge invariant form of meson amplitude 
similar to (jEJ): 

Mif_l 7 = e |cif_LA " 9V fa**)) (14) 

where 

/• 1 7 a; 4y 2 x(l — x) 

1 K = ax / dy—R -— — -s 7- r — s ^ \ -(15) 

' ' Mfc — y(l — y){± — x)kf — y{± — y)xq z — x(l — x)y l p l + le 
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Let us emphasize that gauge invariance leads to a finite expression for al 



this loop 



diagrams. More detail calculation of the similar diagrams can be found in l|. 
Then the total amplitude of the process ao — ► cwy is equal 

Ma^u-f = e ~^^-a ^oj-f (Qvkin — g^ v (qki)) e^e^, (16) 

where 

Aao^r = 3 ^ Re (A*) + 9a K+K-I K = -1.78374 + 0.159415 = -1.62433. (17) 
Then the decay width is equal: 

r ao ^ W7 = 114.7 K3B. 

The decay ao PI can be considered in a complete analogy with the decay ao — > co^f. 
Let us note that here quark contribution to the amplitude is three times smaller than 
quark contribution to the amplitude of the decay with cu-mesons, while the kaon loops 
contributions are the same. As a result we get for the amplitude: 

M a ^ pi = e ^A a ^ pi {q v ki p - (qh)) e*e£, (18) 
A a ^ P1 = 9a u ^e{I u )+g aoK+K -I K = -0.598209 + 0.156921. 
Then the total decay width is: 

r ao ^P7 = 8.47 ksB. 

Note that in the both processes the main contribution comes from the quark loops. 

B. The decays fo — > UJ"/ and fo — > P7 



Since the scalar meson /o(980) consists of two components: the component which 
consists of light quarks u and d - o u and the component which consists of strange 



quarks - a s , we will calculate the contributions of these two components to the total 
amplitude of decays fo — > u}{p)j separately. 

Let us start from the decay fo — > wy. The component cr M contains contribution of 
the quark and the kaon loops. As in previous section for quark loop contribution to 
the amplitude with the a u we get: 

= -0-59, (19) 

The contribution of pion loop here vanishes since the decay u — > 2tt is absent. The 
kaon loop contribution is 

= = 0.0998425. 

Concerning a s component only kaon loop contribution is present in the amplitude: 

A*^ = -1.08958, 

(20) 

As a result for total decay amplitude we obtain: 
A f „ = sma(A u a: t^ + + cosaA^ = -0.102239 + (-1.06636) = -1. 

The total decay width is: 

T/o^ry = 59.67 K9B. 

Let is now consider the decay fo — > fry. The quark loop contribution to the a u 
component here is three times bigger that in the case of fo — > decay and is equal: 

(21) 

The meson contribution to the o u component decay consists of kaon and pion loops: 

Al _ = 0.22272 - 0.0276848*, 
= 0.137775. 

The decay of a s component comes through the kaon loop only 

A*^ = -1.07395. (22) 

As a result for total amplitude of the decay fo — > fry we get: 

Afo^n = sin a (A^ + + A*^) + cos aA*^ = 

= sin a (-1.443 - 0.0276848*) + cos a • (-1.07395) = 
= (-0.29632 + 0.00568*) + (-1.05106) = -1.34752 - 0.00568507*. 



The total decay width of the process fo —> pj is: 

r /o ^ p7 = 81.435 K3B. 

Let us note that in both decays /o(980) into pj and cuj the main contribution to the 
amplitude comes from the kaon loop connected with the a s component of fo meson. 

IV. CONCLUSION 

Fulfilled calculation shown the important role of both the quark loop and meson 
loop for description of the radiative decays of the scalar mesons. It is interesting to 
emphasize that for the description of the radiative decays of isoscalar scalar meson 
/o(980) kaon loops play a dominant role. In paper fl] it was shown in the decay 
4> — > /o(980)7 and in paper (2I on the basis of two-photon decay fo — > 27. Here we also 
see the dominant role of the kaon loop in the processes fo — ► cu(p)j. This explains the 
success of other models, which are based on the assumption of scalar meson structure 
as a kaon molecule Q or as a four-quark state p]. However in the decays of other 
scalar mesons, for instance ao(980) — ^ 2-7 |2|] and ao — > cu(p)j, the quark loops play 
the dominant role. But meson loops also give a comparable contributions. Used here 
NJL model allows us to take into account correctly the contributions of both diagrams. 

Note that the results obtained in the framework of NJL model in papers fl, 2fl were 
in a satisfactory agreement with the experimental data. This allows us to hope that 
the predictions obtained here will also be in an adequate agreement with the future 
experiments. 

In the future we hope to use the obtained here results for the description of the 
processes e + e~ — ► SV, where V = p, u) and S = ao, Jo- 
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